The first two authors contributed equally to this manuscript Several clinical forms of mucormycosis are recognized. The tendency of mucoraceous zygomycetes to invade the blood vessels often produces a disseminated infection. A case of a disseminated mucormycosis complicated by a haemophagocytic syndrome (HS) in a 32-year-old Caucasian male is reported in this article. Few cases of infection-associated HS (IAHS), involving infections caused by fungi, have been reported. In all the recorded cases, the fungal infection coexists with malignant lymphoma, immunodeficiency and a long-term steroid therapy for renal transplant or Crohn's disease. This is the second described case of the HS due to mucormycosis.
The haemophagocytic syndrome (HS), or haemophagocytic lymphohistiocytosis (HLH), is a life-threatening clinicopathological entity characterised by an impaired or absent function of the natural killer cells and cytotoxic T cells. This dysregulation results in an uncontrolled and ineffective immune activation leading to the cellular damage and multi-organ failure, as well as to the proliferation and activation of benign macrophages with haemophagocytosis throughout the reticuloendothelial system causing pancytopenia, hepatosplenomegaly, and lymphadenopathy (l) . The HS is a rare and potentially fatal disease, described for the first time in 1939 (2) . Two forms were reported: primary or genetic HS and secondary or reactive HS.
However, this distinction may be incorrect. In fact, primary HS can occur at any age, not just during infancy or early childhood and an underlying genetic mutation is found in only 40% of all primary HS patients (3, 4) . All these attitudes have changed with the improved understanding of viral diseases and for this reason the disease was called a virus-associated HS (VAHS). Today, the acronym VAHS has been replaced with a more appropriate name, infectionassociated HS (lAHS) (5, 6) .
MATERIALSAND METHODS
examination, the general conditions of the patient appeared to be severely compromised with marked jaundice and hepatosplenomegaly. The laboratory data (Table I) (Fig. 1) . Suspecting hepatic failure, a liver biopsy was performed and described as: "disclosing focal necrosis, lymphomonocytic infiltration of the portal tracts, sinusoid congestion and dilatation and diffuse Kuppfer cell hyperplasia. Focally, there were images of erythrophagocytosis". The esophagogastroendoscopy was normal.
RESULTS
The patient had no history of autoimmune disorders and no significant diseases were reported in the family anamnesis. On the basis of the clinical manifestations, the pathological findings and laboratory tests, the diagnosis of HS was made (7). However, despite treatment with dexamethasone, cyclosporin, and etoposide (8), the patient died of respiratory failure after one week. The autopsy showed hepatosplenomegaly, necrotic-haemorrhagic lesions in the heart, lungs and kidneys. The ulcerovegetant lesions were also detected in the stomach and jejunum (Fig. IA) . The liver histology confirmed the presence of Kuppfer cell hyperplasia and histiocytes with haemophagocytosis. In addition, microscopic examination of the kidneys, gastrointestinal tract and lung lesions showed broad irregularly contoured pauciseptate and pleomorphic hyphae (Fig. I, B , C, and D) The pattern of hyphal branching was haphazard and non-progressive. The branches arose typically from the parent hyphae at right angles. The hyphae presented angiotropism for the arteries and veins (Fig. 2) . The bone marrow showed a hypercellular pattern for myeloid hyperplasia. Erythroid and megakaryocytic lineages were mildly depressed.
DISCUSSION
A few cases ofIAHS caused by fungi are reported in literature (Table II) . In all of these reports, the fungal infection coexists with malignant lymphoma, HIV infection and long-term steroid therapy for renal transplant or Crohn's disease. Mucormycosis infection is a world-wide, sporadic disease caused by fungi of the Zygomycetes class, order of Mucorales, with no predilection based on gender, race or occupation. The opportunistic pathogens of mucormycosis are saprophytes widely present in nature. The infection is acquired by exposure to sporangiospores and it is not contagious. The sporangiospores may be inhaled or, as in our case, ingested or deposited onto sites of mucocutaneous injury, especially bums. Mucormycosis usually occurs in acidotic patients, particularly those with uncontrolled diabetes mellitus and in profoundly immunodeficient patients, especially those treated for haematological malignancies (4, 5) . Only one case of the HS-complicated mucormycosis has been reported in literature (9) . A disseminated infection with an unusual organism in a patient with HLH may represent a secondary infection in an immunocompromised host. The resolution ofHLH following treatment of the infection suggests that, in many cases, HLH is the secondary infection to the main one. In our case the possible pathogenetic mechanism is the hyper-responsivity ofT-lymphocyte axis specific to HLH, in a hypogammaglobulinemic subject, unable to increase the neutralising antibodies to the mycotic infection. From a diagnostic point a view, the clinical suspicion of the HS in these patients, caused by a fungal infection, could be evoked by looking at the fever decrement after the introduction of amfotericin B in the therapy. The immediate step in the treatment of any patient with HLH is to suppress the severe inflammation that is responsible for the life-threatening symptoms. If a treatable organism can be identified, the therapy against this 
.A) Gross specimen ofsmall bowel showing (arrow) an ulcero-vegetant lesion with necrotic aspects. B) Microscopic specimen of gastric mucosa showing infiltration by large pauciseptate hyphae of mucormycosis (haematoxylin and eosin stain, x 200). C) Hepatic specimen (haematoxylin and eosin stain, x 100) showing proliferation ofbland-looking histiocytes. Sinusoidal dilatation, focal hepatocellular necrosis and portal lymphocytic infiltrate are also visible. D) Intrahepatic vein with a group ofhystiocytes showing active haemophagocytosis (haematoxylin and eosin stain, x 400).
Inset (x 1000): haemophagocytosis by normal-appearing macrophages. pathogen should be used. This is usually sufficient as a treatment in leishmaniasis. It may also be sufficient in mild cases of HLH, but the inflammation should usually be controlled by additional measures and procedures. The next step is to interrupt the mutual activation of cytotoxic T-Iymphocytes and macrophages. In genetic HLH, haematopoietic stem cell transplantation is indicated to replace a defective immune system with the cells normally functioning (10) . Nevertheless, the unusual and dramatic clinical condition demanded life-support measures that did not permit a more accurate approach to the problem. In our case we hypothesized that the possible pathogenetic mechanism was the hyper-responsivity of T-Iymphocyte axis specific of HS in the hypogammaglobulinemic patient, unable to increase the neutralising antibodies versus the mycotic infection. This report highlights that in the setting of a rapidly spreading infection, despite the administration of adequate therapy, a fungal infection should be suspected and mucormycosis may be considered as a possible cause of HS.
